REVISED 14-14-85

H WIF _Twi/HiA
FHEL NO. 433, SHTTLE CCTV DHE W) ITRER
j CHITICAL [TEMS LIST - e MB0-50
CAITICALITY _ 22 SWEET __)  oF __ g9
FallUgE HODE AW FAILURE EFFECT
CAUSE 0N END ITEW RATIGMALE FOR ACCERTSAHCE
Timg base errors {jitter) in tha 11} Lass of camera sutpub | pESIGH FEATIRES
cynchronizalian inlormation on L depicting scene informa~
video sutput tisne. Widen nfarna- tion within FOV of Vens The WC/Lens Assembly is comprisad of 16 lactrical subasserblies; 13 subassenblies
tion it preszak and conlains the 2 sembly., arg RCA Astro designed and fabricated using staadard primved-circoit board Lyps of
same Lime baste érrors, . fonstrection, The rewaining three assemblisc, high voliage pamer :upp1!. oscillator,
(2) toss of camera until and stepper motars, are wvendor supplied components which have been specified and
&1 = Sync Generator Clack Divider telf-heating af circuibry § purchased according ta RCA Specificatian Lantrol Drawings {5(Ds} prepared by engi-
Chain Phase—Loched Laop restores normal operation. ngering and reliability assurange, Specifications per the 500 are preparéd Lo
£ 294BB0-50 E5lablish Lhe design, pertormacce, best, gualiFication, and acceptance reguirenants
&c - Camera Timing Logic 229468)-50¢ | Yarsl {age: . far & procurcd piece of aguipment.
. Lags of misseon £ritical
camera widen, Farts, materials, processes, and design guidelines far yhe Shutble COTY program are
Als - Haster Oscillalar 2295527-1 specilied in accordance with 8CA 2295803, This document defines Ehe Program regi re-

wenks for seleclion and cypkrol af EEE parts. o Lhe mawimum extent, and coasistent
with availability, all parts have bean selacted from mititary specifivalions at Lhe
Ivt. Heaters' JAN Tevel, as a mininum.  Ia agdition te the pweraldt seleciion trileria, a subset of
general purpose prederred pacis has been definad by this dotumenl and the RCA Govern-
manl Systemy Oivision Standard Parts List. In the case of Lhe CMDS and TIL family of
micrpcircuils, devices are scresned and tested to Lhe HIL-5TD-083C equivaleay and
pracured under Lhe designations of HI-REL/WQ and SHC SALS Fron ROA-SS0 and Tewas
Instruwnents Corp, raspectivaly. Parts nal included in the abgve duruments have been
used in Lhe design anly after a nonstandard iiem approval form {HS1AF) has been pre-
pared, submilted to Hefiahilii¥ Asswrance Engineering {WAE} ang dppruved far ute in
Lhe specific applicalian|sh defined in the NSIAF by HASa- 5.

Horst—Lase Circuit Analyses have bpen performed ang documented for a1l Cireuib
designs to demonstrate Lhal <ufliciant apzrating margine exisl Foar gl operating
conditions. The analysis wis warsl case-in thal the value For gach of the variable
pardmelers was SEL 4o limits that will drive the sutput to & maxinum {ar sinigen].

A component application review and analykit was canducied bo verify that the applied
ttress an each piece part by Lhe lemperature extremes 1dertlified wilhk gnvirprmental
qualilication testing does not excpad the skress deraling walues identilieg in RCA
ZHLEH.

In addition, an objective examinatinn af Lhe design was parfomen throunh & POR and
COR to verify Lhat the TUl/Leas assenbly med spocifTication ang conkrarwwal regoirg-
meais.
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UNIT IYL ML A
FHEA nO. _4.1,3,3 SHUTTLE CCTV I KO, anidd 19-506, SR/
- CRITICAL ITEMS LISY -
CRITICALETY 142 SHEET ‘ ar i)
FAILURE ROOE AN FATLUBE EFFECT
LAUSE OH EHD JIEM BATIOHALE FOR SCCEPTANCE

ime base errors {jitker) in Lhe

puchromization infarmation on the

iden oulpok Yine, Widea infarna-

tenm is preseat and tontains Lhe

weie Lime base errors.

Wi

L - Syne Ganerator Clack Divider
Chain Phase-locked Lonp
2204840584

¢ - Camera [@ing Lagic 22948414500

1i - Haster OsciDatpr 2295527-1

i Azaters

(1} Loss of camera output
depicting scene informa-
Lion within FOY¥ oF lans
assambly. .

{2) Lasg af came;a witil
se¥f-heating of circuitry
resiords normal operalion.

B
Loss of mission critical
CdmEra wides.

DESTON FEATURES (Cantinund]
BAKE BDARD ODESIGH (A1)

Ihe dasign For ihe associated board it constracted from laminated

copper—lad epoxy glass sheels {HEMA G-18) Grade FR—4), PER HEL-P-5581/A. Circuit
<omneéctiants are made through printed Lracas which roa Fros paink to posnt an the
beard surfaces. Every traca leminsbes al an annular risg. The annutar Fing
surrgunds Lhe hole in whick a cooponent load wr termninal is bocated. This ring
provides a Footing far the solder, ensuring 90 mechanical and electrical
pertormance. Its size and thape ara guwerned by MIL-P-S5E4D as are trace wigkhs,
spating and reuting. These requirenenis ace refteraced specifically ia drawing
rates ta Further assure conplianca. Variations ketweon the ariwark maskter and the
final prodect (due Lo irregularities of the etching process) are alse conirolled by
draning ootes.  This prevents naking defective boards From good arbwark. Holes which
house Ao lead or Levminal, but serve oaly to electrical ly interconnect the oifferent
board layers, contain siitch bars for mechanica) suppuri and incredsed reliability,

lhe Lhra holes are drilled from a deill tape thus eliminating the possibility of
buman errar and allowing Leght control over hole and annglar Fing Codcenbricity, 4n
impartanl reliabilidy criterion. Abter drilling and #iching, All copper clagding is
tin-lead plated per MIL-STE-1495. This provides for easy and raliable soldaring at
the time of bosrp assembly, even after periods of grobonged storage.

HUARD ASSEMBELY OFSEGH (Al)

A1) comporants are installed in 3 danner which assures maximum reliabeTity.
Comporenl tesns are pre—tianed, allowing tolal wetbing of sokder joiais,  All leads
dre formed Fo pravide stress relisl and the bodies of large components are sidhed.
Special wounting and harling instructisns are included 1n each drawing reguired
after linal assenbly. The baard i3 coated with urethane which prolects wydinst
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FHEA RO, 41.31

CRIFICALITY 242

UKIT TVL A ____
THUTELE CCTV OWE M. 22940 19-506 ., 508/
—22M020-502

CRITICAL ITEHS LIST
SHEET __ 4 = aF _ 9 _

FAYLUME HAODE AHD
EALGE

FATLURE EFFECT
Oy EHG ITEH

HATIOMSLE FOR ACCEPTAMCE

Timg hase arrars (jilter} in Lthe
spnchranization iafurmation on the
wideo sulpul line. Videa informa-
tiven 1% present and cantains iLhe
cime Lime base arrors.

Tve
AL - Sync Generator Clock Mivider
Chain Phase-Locked Loap
FANARAN-504

A2 - Camera Viming Logic 229458 1-501

A17 - Haster Oscillator EF295527-5d1

T egters

{1} Loss of camera aukput
depiching scene informa—
Lion wilhin FOV of lenx
asiembly.

{2} Less af camera unlit
self-heating af civeuibry
raslores aoenal operalign.

arst [a3e:

Lass of mission eritical
camera videu.

DESIGN FEATURES (Continuved)
BARE BOARD CENSTRUCTION (A2)

The Boarde are af “welded wire® canstructian. At the bare board Tevel this does not
distin?.uish il from a normal PO bosrd except thak hales which will take weld pins
gererally are aat connected to PC traces. Only thoge ping which bring power and
graund, patentialy te L ICy are on PCs. AR annular ring surraonds bthe hole in Lhe
basrd where each power ind ground pin is located. Thase piag ara thea soldered Lo
Lthe Lrace like asy ather canpooent lead. Aside From this teakure, all desige

L contivuction techniques used in PC bpard layaul apply.

BOARD ASSEMBLY (AZ)

The dridied and etched board ix populated wibh cawaral Bundred solderable or
weldable pins. Power end ground pins, as well as connecrar pins, are soldered in
ElacE‘ Oiscreet components |rasislers, diodes, capacilors) are akloched Lo

ifurcated termingls, where Lhey are soldered. Flatpach 05 are welded,
lead-by—lead, to the tops of the wald ping. After welding, enlra lead malerial ix
trfirmed away. Clrcuib cennecltions are mads wsiag #30 ARG nickel weld wite. Tha -
wira it welded ta the pia surfaces on the baard backside. All wire welds arc dane
using a washineg which s tepe driven, thus eliminating the possibility of miswiring
dug ta aperator error. AT wircing E ciecoit periarmance is tested prior ta
hu-—levg1 installalion. AFLer suecessful tesiing, Components are slaked 4% required
by drawing notas and the assembly is caated with orethane.

the baard is inseried in the box on car#-edge guides, in the same manper as the ather
PL woardsi.

E0ARD PLACEMENT

The Al, A2, A4 A%, &G, bLpard is secured in 1he ¢leclranics assembly by
gulid-—plated Lery Nl ium copper card guides. Conngchions are made to bhe ogbher baard
wills blind-maled connectors. Disengagesent during lauach is grevented by & cowar
wvhick spans thy boasd*s ree edge.
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LMET  _ TYCSHLA
FHEA wo. _ 3331 SHUTTLE CCTV WG NO, 29498 19=
CRIVICAL ITEMS LIST I L
CRITECALITY _ 242 SHELT 4 ar 9
FAILDRE HIDE AND FRTLURE EFFECT
LAUSE O £t [IEM EATIOMALE FDK ACUEFUANCE

Time base errocs (jilter) in the

synchrorization infeemation om the

viden putput Yine. Video infarma-

tion is preseat and cenlains Lhe

Sane 1ime base arrprs.

™

Al - Sync Bererator [Tock Uiwider
fhain Phase-Locked Loop
2r49q800-504

£d - Camera Timing Logic 225480 1-501

A3 - Master OscilVator 2295577=1

TY( Healers

(1) Lats of caméra oulput
gepicting scene informa-
tion within TIW al Tens
assembly.

{2} Loys of camera until
self-heating of Cirtuilry
réstores normal cperalion.

Worst Lase:

Loss of mission critical
Cdrera viden,

The Al3 assomoly 45 a temperaiure compensited voltage coniralbed crysktal pecillater

JTCWCNDY that 1= purchased Lo 3 speeification centrolled drawing that esiablizhes
Lhe requiremenis tar parformance, design, tast, and qualiticatian of the uwnil.

The

producl aisuranie provisions of the documenk caniain the identica) requirenends dor
electranic paris and materials as “he Shpttle COIV program and must receiwe the
Mechancal anmd elecirical antegraty of Lhe dssembly

is conlivmed by both anelysis (design reviews} and tesl (quadificatian and acceplancel.

appraval of BLA and HASA-JSC,

QUALIFICATION TEST

Fur Qualification Teal Flow, see Table 2 Tocaled at the dront nf (his buek.
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- B ) T UNIT __IYL/MLA :
FHEA WO, 4.1.91 SHUTELE CCTV OwWG MO. _ Z294P19-586.5087 .
Tt T CRITICAL ITEMS L1SY =
CRETICALKTY _ 242 SHEEF _ §  OF _ 9
ALLUKE WIDE AR FRELURE LFFECT
AL o D8 EMD ITEH RAFIONALE FOR ACCEPTANCE
Fime hase errers (jitter] in tha (}) Less of Camerd cubpat ACCEFTANCE TESL
spnchroaization informakisn o the deplcting zcene intirma-
vigen outpul line. Video inferma- tion wikthin FO¥ of lens The CUT¥ systams' TWL/HLA is subjected directly, withaul vibratien isolatars which
wion is presesl and cantains the dssembly. miyhii be used in their normal installatiom, to the followsng Eesiiay:
Samg Lime bise errors. ]
wi {2) Lass of camera unti) & Wibralign: t4—A0Hz : 3 ﬁﬂfﬁEt—ri:a from 0.0 G270
g1 - Sc Generator Clock Divider seVf-heating af Ciriuilry &l=150 Hz: 0.04 GF/Hz
Chain Phase-Locked Lapp restores normal operation. I5D-750 Ha: -3 aB/ 10 Oce-slope
£ETatae- 504 ] Tast Ouration; 1 Hinute per Aais
A2 — {amera Timing Logic 2294881-501 | Wapst [ase: Test Level: 6.1 Grms
Lass of wissian critical
Camera video. * Thermal Yacuum; In a pressure of x> Tarr, the tenpeératurs shall be as
Al§ - Hester Oscillotor 2295527-1 Folloms:

126% §: Time to stablize equipment plus 1 howr
.. 23% F;  [ime to stablize equipnent plus 1 howr
125 Fz Time La slablize equipment plus 1 haur

W[ Heaters

The TWOAHLA qay nat have baen subjeeted to the vacusm coundilbion.
for Avceptance Test Flow, séa Takle 1 located at the fronl of this book.

OepHATIONAL TESTS

[n order to verify that CCTV cowpanents are operational, 3 tesl must varity the
firalth of 4V1 Lhe commang redated components from the FHS (ATALY panel switch,
Lhrowgh the ECU, throwgh the sync lines Lo tha Camers/BlU, te the CamerasPTU ¢onmand
drevder.,  The test muyt alse verify Lhe capera's akiliby te produce video, tha WSU*s
abiliLy ta route video, and the maniiav*s ability ko display vides. A& similar Lask
would be perforued lw verify the HOM conmand path.

Pre-Lavnsl un Orbiter TestsIn-Flight. Test

1. Power CCTY Syxiem.

2. Via Lhe PIS panel, selecl a monibor as destination and Lhe camera under
Lesh as spurce.

3. Send "Camera Power OnY rroapwand fros PHS panel.

4, Select “Extermal Syt on manitar.

5. Observe videa displayes on monikor. Wake that if wideo on monitor it
synchrond ted (i1.e4., stabtle rgster) then Lhis indicates Lhat the camera
1§ reecerving composile sync Tymn Ehe RCU and thal Lhe comera is producing
synchroni ced viden.

6. Sand Pan, Tily, Fecus, Zonm, DIR, AND Gamma conmands end visvally (sither
via the meniter or direcl ghyervation) werify aperalion,

T. Selact duwnlink as deslination and canera under test ds Source.

B, Obaerve vidaen ronted Lo Jownd ink.

0. Sand "Camers Power 1" (gwmand wia PH% panel.

n

- Hepeat Stens 1 Lhroenh 4 okcepl d3sue coMpends wia the HIM Conmand pﬂtnx
Pl i Pl Tho T ancermmicmd i asene i ba w21
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e TWCHMLA, —
FHEA D, 4.1.31 SHUTTLE CCT¥ Cwh HE.  _ 7294819-506, 508/
CRITICAL LVEMS LIST _ 2204310902 @ 0

CRITICALITY _ 243 SHEET __ B . OF 3

FAILURE BDDE AMD

FATLURE EFFECT
{4 FHOD [TEM

BATRONALE FOR ACCEPTANCE

Time baze errars {jitter) in tha

synchroni 14¢ipn inforoation an the
videa oulput Tine., Wadea inFormal-
Lion is preseal and Lontdins the
same lime base errors.

LN

Al - Sync Lenaratar Chach Diluvider
Chain Phase-Lacked Loop
2204PAG-504

A2 - Comera Timing Lagic Z2294861-501

Al - Haster Bscillatar 2295627

IVC Healars

{1} Loss of camkra aubput
depicting scend intarna-
tyon within FOV of lens
assembly.

{2} Lass af camera wakil
self-heavring of circuiiry

restores normal operation.

Marst Laze:
Loss af mission critical

Lamera video,

RASIHIPCETION

- Tha TVWLAHLA EEE Parts and hardware dtems aré precured from
appreved vendars ind suppliers, which meet the requirenents sat forlh in the CCTY
contract and Guality Plan Work Stotement {WS-2593176). Resident DCAS perswinel
revigm all procurement documeaks bo establish the aced for GSI om cebacied parts

IPad 5RT).

an = Incuming Quality inspecLions are mide gn all
received materials and parts. Resuliz are recarded by lot and ratafned in File by
drasing and control numbers for future reference and Lraceakility. 411 EEF paris
are suhjecled to inceming acceptance 1asis az cabled for in FAL 105 - [ncomiag
[nspeclign Test Instrugtions. Incawing (1ight paris are further processed in
accardance with ACA 184G6R4 — Precanditisning and Aczeptance Bequirgments for
Electronic Parts, with the exceplion that DPA and FIND testing is nat perforusd,
Hechanical items are inspecied per PAI 116 = Incoming [nspection [nstruciicas For
mechanical items, PAL 305 — Jacoming Qualley Contryl Yaspection lastructign, and
FAl 612 = Procedure fer Processing ?nculing or Furchased Pyrts Dasigaated for Flighk
Accepted Ilems are delivered Lo Halerial Controtled Stares and relalned under

Hoa—comforming matarials are
(PAI-387, PAI 1(QC-53i.)

Use.
speciiied conditions unkil fabricatian is required.
hedd for Hatgrial Review Soard [HRB) disposition,

Board Ais = Prier bo Lhe sLart of TVC poard assembly, all items

are verified ta be corcect by stock reom porsoanc), a5 the iten: are azcumulated fo
Form a kit. The items are weritied again biy the vperator who assendsles the kit by
checking against bthe ax-builb—partis-Tist (ABPLY. 0DCAS Handatary Inspection Poinks
are designated fur all printed circuil, wire wrop and welded wire boards, plus
harness conmecloss For saldaring wiring, erimping, solder splices and quallty
workmanship prior to coating of Lhe conponeat aide of beards and tlepwing of
harmessas.

IVC Qloards

Specific V0 board assembly and west dnstroctions are provided in $rawing notes, and
ipplicable decuments arve called put in the Fabrication Procedure asd Recard
[FPR=-2J94A19) 3ng parts bist PLZ234819. These iachude shutble TVC assanbly notes
2503864, Process Standard RIV-SER 2200084, Procesy SLandard — Bonding Velero Tape
27808683, Specificatioa Soldering 2200745, Specificalion Mame Plase Application
19L01E, Specification — Crimping 2200800, Sgecification - Honding and Staking
ZeBOHTE. Specification - Urethane coating 728081/ Sperification - locking tompound
2026116, Specification Epaxy Adhesive 201095, Specificatian - Marking 2280675,
Specificat ion - Workmanship BOAOARS, Specilicavion Bundiay and Staking 2280875,
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LNET T¥C/HLA
FHEA HG. 4.1.3.1 SHUTTLE CLay 1 el I eePda19-50c , S0R 7
CRITICAL IMENS LIST 2FdR2N- 52
CRETICALITY _ 242 SHEET 1 i g
FALLURE HIDE AND FAILURE EFFELCT
CAUSE 0N EHD ETEH . _ _ _ .. 11— EATUOMALE FO® ACCEFTANCE
liag base errars {jitier] in the (1} Lass of canara cutpul . Canti -
synehranizalion infarmalion oa the depicting scene informa- QalINSPECTJON  (Cantinuad)
videa aulpet Tine. Video infarmat- | tiom within FOV of luns
tiun 15 present and Lonlalns the assenbly. T, bl { Test

same time base errprs.

LN

Al — Syac Generator Llech Divider
Chain Fhase-Lacked Loop
2294800504

& = Comera Tining Loghc Z294BRN-501

f13 - Haster Oucillatar 2296627-1

TVYL Healtars

0%

{21 Loss of camara until
self-heating of cirtuibry
restores mormal operation.

lass af misswas critical
comera video.

LD uik.

An open box test is perfermed per TP-1T-2254819, and an Acceptance Test ger
TP-AT-220481%, incluwding vibratlon and bhermal vacuoo.
wilnessesd, iracasbility avmbers are receroed and callbrated tools are chacked prior
RCA Quadivy and DCAS inspeclions are performed at the completion of

Torques are spechfied and

specified fPA operationi n accardance wigh PAI-204, PaI-205, PAI 206 asd PAL Z17.
NCAS pirsoune]l wilness TV buttan—up and critical tarquing.

L - After 3 TWE aad an HLA have has bean bested individaally,

Lhey are mated and a Final accepramce

wibration and tharmil vacuwd paviccoaments.
ani] review the accepianca tesi dalafresylts,

after a1Y reparr, rawack and eatsst.

test 45 performed par TP-AT=2294919, including
REA and DCAS persense]l aonitor bhase lestsg
Mhese parscanel atso inspeid For confarmance

= The TVL and HLA are separatsd pricr Lo shipment aftar

Tabrivetiva and testing is complace.

angd 2MDME, Procass stamlard For Packaging and Handling guidelines.

ducungitation including assemély drawi

Each 13 pachaged according Lo CLIV Lalter 8UTI
A1l relaked
ngs, FPares List, ABPL, Test Dana, <8c., is

yatherad and held in a documeaialion folser assigeed specifically do each assewbly.

Thiy fulder is rexained far referesce.

afcOrpance with 1tha requivenents of WS-2503176.

An EEOP is prepared for each assembly in
ACA QT and DLAS persannel wikness

traking, packaging, packing, and aarking, and review the EIDF for completenest and

dciurdiy.

LT
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rHEs wo, _ 4139

CRITICALITY 272

SHUTTLE CLTVW
CRITICAL [1EHS L1ST

UKIF
Pl WO,
. .

£
*SHEET B DF

TYEARLA
F

— 2

FATLIME HODE AHD
CAUSE

FATLURE EFFECT
Of EHO ITEM

"im¢ bAse errors [jitLer) ja Lhe
wnchronizatisn iaformalion on Lhe
riden gutpul line. Widee informa-
o IS pressnt and containg the
ame 1ime base errors.

d - Sync Generater Clack Divider
Chain Phate-locked Lonp
2254860 -%i4

2 - Camera Timing Logic 2794881-501

11 -~ Masker Dscillatlor 2295527-Y

V[ Heaters

14U

11) Loss af camera autpul
gapicting scene inlarwa-
tion withia FO¥ of lens
aszanbly.

[2) Loes of tamera uniil
seli-healing of circuitry

restaras sormal oparation.

lass of mission critical
vidap.

- A4TJOHALE FOR ACCEFTANCE
TALILURE H]S10RY
TR - YIZ2J4 - Log MR - 1¥0 S/N DOB-502
Descriptipn: Flight Failure

Spacecraft Level [565%3})

YL pot synchranized for approsimatsly 30 minutes.
Ihis prablom occured al cold temporaturs.
Spnchrenization was regained at 29,

Lauge:

detecter.

Corrective Agtinn:
heater and sync modifications (ECN €C1 83B) to all

(04 3% has boen issved directia

Loss ol phase Tock due to thermal assymetry of the 3.58 HHZ Fhase

? HCA to incarpnarate bhe
1

ght camerats.  TYL BB

was modified accardingly. TWC group nunbar has Been updated frum growp 502 ko 506,
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CRIFICALITY 252

UNTT LVl MLA
SHUTTLE CETw MG MO . 2204612-506, S0R /7
CRITECAL [VEWSE L15X CEHB20-502
: SWEET g OF g

FATLUAE MICE AND

FATLURE EFFECT
GH_EHD_JTEH

EATIDHALE FOR ACCEPTANCE

R ¥ T K13

lNime hase ercert [jivkaer} ba the
iynchrgnization informatien on Ehe
rideg autpuk bine. Video laforma-
Sign iy present asd canlaing bhe
wgme Limg base errors.

¥C

1) — Syar Baneratar Clock Diwvider
{hain Phase-Loched Lagp
2294880504

8 = Camera §hoing Leyic 2294881-501

13 - Master Decillator 2295527-1

Y[ Healers

RN

{1} Lots of camera aulpul
depicling scent informa-
tien within FOU al lens
aisembly.

(2] Loss.of casera oolii
seli-haatiag of circuitry
restarés narmal aperation.

Wopsl asg:

Loss of mission eritical
Lamera vidao,

OPERATIUNAL EFFECTS
Luss of wides. Possikbla boes of major missien objectives 1 BMS glbaw i5 required.

CREW ACTIONS

IF possibla, tontinue RHS sperations using slternative visual cues.

CBEY FEAINING

Crew should be brained to use possible alternatives to COTV.

HI3SIDN COMSTRAFYT

'::J'E.::e possible, priceduras chould be designed s0 they can be acromplished withaut

13 AN ey



